The considerable body of clinical and physiologic data in patients with the tetralogy of Fallot that has been accumulated over the past 15 years now indicates that the original concept of the lesion as a single, fairly narrowly limited entity is no longer valid. The tetralogy can now be demonstrated to occupy a broad spectrum in the field of congenital cardiac anomalies, representing widely varying forms. While the entity has been termed a tetralogy, only 2 features, namely the pulmonary stenosis and the ventricular septal defect, are essential in the determination of the clinical and physiologic pattern that patients with this defect portray.
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THI', tetralogy of ballot is a commonly occurring malformation that is perhaps the most familiar of all cyanotic congenital cardiovascular anomalies, and has occupied a salient position in the field of congenital heart disease. It w-as one of the first congenital cardiac lesions to be described in the pathologic literature with reports appearing in the seventeenth and eighteenth centuries." 2 It was also one of the first to receive clinical definition, mainly as a result of Fallot's descriptions in the latter part of the nineteenth century,3 and it was the first of the cyanotic congenital cardiac anomalies to prove amenable to surgical correction. The success of the Blalock-Taussig procedure was a major factor in initiating the present era of widespread interest in diagnosis and therapy of congenital heart disease. 4 The recent period of extensive investigation of congenital heart disease has resulted in the accumulation of a considerable body of clinical and physiologic data in patients with the tetralogy. This of Fallot is more complex than that of the other common congenital cardiac lesions owing to the combinations of the anatomic defects constituting this anomaly. The complexity can be simplified by identifying the dominant anatomic features of the anomaly. It is obvious that right ventricular hypertrophy, one of the classic components of the tetralogy, is a purely secondary phenomenon and can consequently be eliminated as a significant element. The role played by dextroposition of the aortic root is more difficult to assess. It is the opinion of the authors that this element of the tetralogy is not a dominant factor in determining the hemodynamic pattern. The concept, that an aortic root overriding the right, ventricle is often more of an apparent nature than an actual anatomic malposition, has received increasing support in recent years.
The infundibular stenosis and the ventricular septal defect thus remain as the essential elements determining the clinical and physiologic patterns in patients with the tetralogy of Fallot.
The present report consists of an effort to define the widely varying forms of the tetralogy on the basis of variation in the severity of these 2 elements. The categories formed by combinations of the 2 defects in varying grades of severity are described and patients studied at this center are presented as examples. McCORD , VAN The pulmonary blood flow is decreased with a lowered pulmonary artery pressure. The physiologic abnormalities occurring in the classic tetralogy are well described in the reports by various authors.9' 11, 12 The pattern described conforms with the features outlined above.
The clinical characteristics of patients with this typical tetralogy have been lucidly presented by Taussig. Early cyanosis, squatting, and episodes of paroxysmal dyspnea constitute an almost diagnostic triad. The physical examination reveals cyanosis and the features accompanying cyanosis, such as clubbing, hypertrophied gums, a "geographic" tongue, and injection of the conjunctivae. Auscultation reveals a systolic murmur at the left sternal border that may vary considerably in location and intensity from one patient to the next. A grade IV, harsh systolic murmur in the left third intercostal space might be considered the most common finding. The second heart sound in the pulmonary area probably arises from the aortic valve closure and may be normal or increased in intensity and is pure in quality.
Clinically patients with the classic form of tetralogy show cyanosis beginning early in childhood, a fairly severe limitation of exercise tolerance, and if untreated usually do not survive beyond childhood or adolescence.
The electrocardiogram demonstrates right ventricular hypertrophy.
Radiologic examination reveals a decreased vascularity of the lung fields, small and quiet right and left pulmonary arteries, and an absent or inconspicuous main pulmonary artery. The over-all heart size is characteristically within normal limits. However, the configuration of the heart reveals the classic "coeur en sabot" silhouette and indicates hypertrophy of the right ventricle. An additional characteristic radiologic feature is the occurrence of a right aortic arch. This abnormality occurs in approximately one fourth of patients with the tetralogy of Fallot. The angiocardiographic studies of Kjellberg and associates12 have demonstrated clearly the dynamic radiographic features of the tetralogy. This classic form of the tetralogy has been well described over a period of many years. Case reports are therefore not included at this time.
Operative therapy can be said to be indicated in all patients with the classic tetralogy of Fallot. However, at the present time the decision as to the type of surgical therapy and the time at which such therapy should be instituted is difficult. Five years ago the management of these patients was relatively simple. An arterial anastomosis was the only form of therapy and was established either by the Blalock-Taussig method or by the Potts' technic. Marked symptomatic relief and un-questionable prolongation of life have been achieved in many patients by this palliative procedure. However, development of the technic of pulmonary valvulotomy or infundibulectomy has now reached the stage where the mortality rate and the degree of symptomatic improvement is equal to or may exceed that of the shunt procedures. Since the relief of pulmonary stenosis is a curative rather than a purely palliative approach, it has been recommended by some authors as the method of choice."3 At times, however, when the relief of the infundibular stenosis has been complete, or nearly so, an abrupt change in the hemodynamics may occur. Thus a significant leftto-right shunt has been noted with the development of rapidly increasing heart size and congestive failure.14 The most recent phase of surgical therapy in the tetralogy consists of the complete correction of both the pulmonary stenosis and the ventricular defect. This ideal, totally corrective form of therapy is still accompanied by a rather high operative mortality. A conservative course at the present time might be to defer surgery whenever possible, pending further improvement in the truly corrective technics and to carry out a shunting procedure only on those patients whose clinical course permits no delay. An additional patient, no. 2, in whom infundibular resection was performed, was a well developed 26-year-old woman who was markedly cyanotic and moderately restricted in her activities. She was operated upon, and under hypothermia and circulatory occlusion the infundibular stenosis was resected adequately. Postoperatively her color greatly improved; however, she developed exertional dyspnea, orthopnea, and dependent edema. She was digitalized and placed on full therapy for congestive failure, which responded and cleared over a period of 3 months. At the present time, although her heart has increased in size, she no longer requires medication. There is no evidence of cyanosis and her exercise tolerance has markedly increased over her preoperative status. Thus these patients demonstrate the inability of the left ventricle to compensate for the acute load that develops with the creation of a large left-to-right shunt. Similar postoperative excessive left-to-right shunts were mentioned by Sell and associates.'8 Thus depencling upon the extent of the removal of the infundibular stenosis in patients operated upon by the direct infundibular approach the patient may be transformed into a mild tetralogy or the type of tetralogy under discussion at this time.
The problem of relative pulmonary stenosis must arise at this time. Experience with atrial septal defects associated with large pulmonary flows has revealed that considerable systolic pressure gradient may be present between the right ventricle and pulmonary artery in the absence of anatomic pulmonary stenosis. It is reasonable to assume that this phenomenon may also occur in patients with a ventricular septal defect and an increased pulmonary blood flow. However, studies of isolated ventricular defects have not shown functional pressure gradients comparable to those occurring in atrial septal defects.'9 The possibility of functional stenosis might arise in patient 10, in whom the systolic pressure in the pulmonary artery was 55 mm. Hg and in the right ventricle 89 mm. Hg. However, the withdrawal pressure tracing from the pulmonary artery to the right ventricle suggested an infundibular chamber, and such a chamber was found at the time of operation and postmortem examination, as previously described.
The previously mentioned accessory diagnostic features of the tetralogy are also helpful in the differential diagnosis. A right aortic arch, which was present in patient 10, and in 1 of Rowe's patients, 16 is significant. Only rarely is a right aortic arch noted in patients with an isolated ventricular septal defect.
This group again offers evidence indicating the minor role played by an "overriding" aorta. In the autopsied patient of Rowe the overriding of the aorta was described as "considerable" and "little different from the classic case of the malformation." In patient 10, the aorta also appeared to override the defect and yet the shunting occurred exclusively in a left-toright direction; in addition, there was no problem whatsoever in closing this defect at the time of operation.
Relative to surgery, patients with this type of the tetralogy are to be evaluated as patients with an isolated ventricular septal defect. Thus, if they have shown a large left-to-right shunt, an enlarged heart, and relatively low pulmonary vascular resistance, closure of the defect might be considered. The removal of the mild infundibular stenosis is of se(ondary importance and creates a minor additional problem if surgery is undertaken. However, inasmuch as the mortality and morbidity stemming from closure of the ventricular septal defect is still quite high, a conservative approach is recommended for the time being. Patient 11 w-as a 20-year-old white girl. A heart murmur was heard at the time of birth. She had led a relatively normal life; however, she had experienced slight to moderate shortness of breath and fatigue on prolonged exertion for as long as she could remember. She had noted an increase in shortness of breath and fatigue with episodes of mild ankle edema during the past year, and at the time of examination she could walk only a few blocks at a slow pace, and could not climb a flight of stairs without having to stop because of dyspnea and fatigue.
Physical examination revealed an alert, well developed young lady. No cyanosis or clubbing was present. Distinct a-w-aves were noted in the deep neck veins. There was a slight precordial bulge and precordial activity was diffuse. The apex beat was just outside the left midelavicular line, and a right ventricular lift was felt beneath and just to the left of the lower sternum. Palpation also revealed a systolic thrill along the upper left sternal border that was maximum in the second left intercostal space. A grade IV, harsh systolic murmur was heard along the left sternal border, also maximum in the second left intercostal space, but loud in the third and fourth interspaces, and louder in the third than in the first. The second heart sound in the left second intercostal space was decreased in intensity.
Fluoroscopy revealed the pulmonary vascularity to be at the lower limits of normal. The main pulmonary artery was not prominent. The heart was moderately enlarged with prominence of the right ventricle and right atrium. The aortic arch was on the right and the aorta also descended on the right (fig. 7) .
The electrocardiogram revealed evidence of severe right ventricular hypertrophy and right atrial enlargement ( fig. 8) .
The patient had been referred with the diagnosis of isolated valvular pulmonary stenosis. However, because of the right aortic arch, and the location of the murmur, it was thought that she had an atypical form of the tetralogy of ballot. This latter diagnosis was confirmed by the information obtained at cardiac catheterization (table 2). The oxygen saturation of the peripheral arterial blood was within normal li'mits for this altitude, thus indicating that there was no significant right-to-left shunting of blood, and there was no evidence of a left-toright shunt. The catheter was passed froin the right ventricle through a ventricular septal defect into the aorta. The right ventricular pressure was 220/10 mm. Hg, while the pressure in the aorta was 120/76 mm. 11g. The pressure in the pulmonary artery was only 12/8 nmm. Hg A similar patient was demonstrated by Goetzehe and associates"' with a figure showing a "drawback" from aorta to the right ventricle with a higher systolic pressure in the right ventricle than in the aorta. A possibly similar case is a patient of Brock and Campbell'3 in whom an excessively high right ventricular pressure was recorded.
This type lesion thus masquerades as an isolated pulmonary stenosis, either valvular or infundibular. It is quite probable that many patients diagnosed as isolated infundibular stenosis may actually not have an intact ventricular septum, but have a small, physiologically insignificant defect in the septum.
The surgical approach to patients with this lesion should be directed at complete removal of the infundibular stenosis. The ventricular septal defect is small and thus one would not be concerned with the development of a significant left-to-right shunt, should the pulmonary stenosis be completely removed.
SUMMARY
The tetralogy of Fallot is the most common cyanotic congenital cardiac defect that is compatible with the maintenance of life beyond infancy and early childhood. It was the first cyanotic congenital lesion amenable to the furtherance of life expectancy by operative intervention. Interest in this lesion was also the main stimulus for the development of our present fund of knowledge relative to congenital cardiac defects.
However, because of this early experience with the classic tetralogy and the so-called "blue baby operation," we have in general come to consider that the patient with tetralogy 74(; \M CORD, VAN ELK, AND BLOUNT of ballot must be cyanotic and markedly incapacitated. Otherwise, the diagnosis of tetralogy of Fallot is not seriously entertained.
The considerable body of clinical and physiologic data in patients with the tetralogy that has been accumulated over the past 15 years now indicates that the original concept of the lesion as a single, fairly narrowly limited entity is no longer valid. The tetralogy of Fallot can now be demonstrated to occupy a broad spectrum in the field of congenital cardiac anomalies, presenting in widely varying forms. While the entity has been termed a tetralogy, it is becoming apparent that only 2 features, namely, the pulmonary stenosis and the ventricular septal defect, are essential ill the determination of the clinical and physiologic patterns of this defect.
Thus, certainly the right veitri(ular hypertrophy, one of the (lassie components of the tetralogy, is a purely secondary phenomenon and can be dismissed as a significant factor ill the determination of the clinical picture. The role of dextroposition of the aortic root is more difficult to assess and possibly not so easily dismissed. However, clinical and physiologic evidence together with the findings at operation in these patients suggests that the dextroposition of the aorta is of functional origin and not anatomic.
This idea was first noted by Eisenimenigei ill his discussion of ventricular septal defect in 1898,20 when he pointed out that in the presence of large ventricular septal defects, the anatomic relationship of the aorta to the membranous portion of the septum is such that overriding may occur, even though the aorta arises in all entirely normal position from the left ventricle. Thus, in the tetralogy of 
